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1
ANTI-VIBRATION THREAD FORM

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to International Applica-
tion No. PCT/IB2017/052447, filed Apr. 27, 2017, which
claims priority to U.S. Provisional Patent Application No.
62/329,673, filed Apr. 29, 2016, the disclosures of which are

incorporated herein by reference.

BACKGROUND AND SUMMARY

The present invention relates generally to threaded fas-
teners of any size, and more particularly to vibration resis-
tant, internally threaded fasteners for use with trapezoidal
thread forms.

Threaded fasteners having trapezoidal thread forms are
used 1n many applications, and especially 1n applications
where the fastener will be subjected to large forces, such as
fire hydrants and drive screws. Many applications of these
applications require that threaded fasteners maintain desired
clamping forces through vibration and other in-use loads. A
common problem with prior fasteners included loosening
under vibration. These applications also frequently use
larger diameter fasteners, such as those with a major diam-
cter of at least two inches. In addition, some applications
require the use of an internally threaded hole 1n a component
that 1s configured to receive an externally threaded compo-
nent, such as a bolt or drive screw.

Due to the high pressures and large diameters, the avail-
able options for providing vibration resistant internally
threaded fasteners has been limited. Fastener coatings have
been developed to compensate for some of the failures of
prior fasteners, such as thread-sealing adhesives, thread
lubricants, anti-vibration coatings, and patches of nylon or
similar materials. However, thread coatings require addi-
tional material cost and application cost, and the amount of
material increases significantly as fasteners become larger.
Some applications have relied upon excessive force to force
a nut onto a threaded connection, which may result in
deformation preventing reuse of the nut once 1t 1s removed.
Other approaches have required separate components, such
as pins, to restrict movement of the nut. Still other
approaches have required modifications that prevented the
threaded connection from being easily rotated thereby
increasing the difliculty of using such devices.

In view of the above limitations, there remains a need for
a threaded fastener that overcomes these and other disad-
vantages of the prior art.

We have found that new thread profiles that provide point
contact improve the vibration resistance of the threaded
fastener, and thereby greatly reduce and may eliminate the
need for alternative vibration mitigation techniques such as
nylon patches, pins, or other devices which prevent the reuse
of such anti-vibration fasteners. We have also found that
these new thread profiles enable the internally threaded
fastener to spin freely while mating, and to be reused
multiple times.

In various embodiments, a threaded fastener includes a
first end, a second end, and an internally threaded portion
extending between the first end and the second end. The
threaded fastener also has a longitudinal axis extending
through the fastener from the first end to the second end, and
a normal axis extending perpendicular to the longitudinal
axis.
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In one embodiment, the threaded fastener has a threaded
portion configured to engage a mating thread, and the
threaded portion has a thread defined by, 1n series, a crest
portion oriented at an angle of 0°+/-3° relative to the
longitudinal axis, a leading flank oriented at an angle of
15°+/-3° relative to the normal axis, a first root portion
oriented at an angle of 1° to 75° relative to the longitudinal
axis, a second root portion oriented at an angle of 0°+/-5°
relative to the longitudinal axis, and a trailing flank oriented
at an angle of 15°+/-5° relative to the normal axis.

In other embodiments, the thread 1s defined by, in series,
the crest portion oriented at an angle of approximately 0°
relative to the longitudinal axis, the leading flank oriented at
an angle of approximately 15° relative to the normal axis,
the first root portion oriented at an angle of approximately
450 or 600 relative to the longitudinal axis, the second root
portion oriented at an angle of approximately 0° relative to
the longitudinal axis, and the trailing flank oriented at an
angle of approximately 15° relative to the normal axis.

In another embodiment, the threaded fastener has a
threaded portion configured to engage a mating thread, and
the threaded portion has a thread defined by, 1n series, a crest
portion oriented at an angle of 0°+/-5° relative to the
longitudinal axis, a leading flank oriented at an angle of
20°+/-5° relative to the normal axis, a first root portion
oriented at an angle of 10 to 75° relative to the longitudinal
axis, a second root portion oriented at an angle of 00+/-50

relative to the longitudinal axis, and a trailing tlank oriented
at an angle of 20°+/-5° relative to the normal axis.

In yet other embodiments, the first root portion 1s oriented
at an angle between 40° and 65°. In yet other embodiments,
the crest portion, the leading flank, the root portion, and the
trailing flank may be oriented at +/-1° or +/-2.5° from the
angles previously noted.

Also disclosed 1s a threaded fastener system that includes
an externally threaded shank, and an internally threaded
fastener. The externally threaded shank has a trapezoidal
thread with a thread angle of between 29° and 40° over at
least a portion of the externally threaded shank. The inter-
nally threaded fastener 1s configured to mate with the
externally threaded shank. In some embodiments, the exter-
nally threaded shank 1s a bolt or a screw, and the internally
threaded fastener 1s a nut. In some embodiments, the exter-
nally threaded shank 1s an Acme thread form.

In yet another embodiment, a threaded fastener system
includes an internally threaded fastener having a trapezoidal
thread with a thread angle of between 29° and 40° over at
least a portion of the internally threaded fastener, and an
externally threaded shank configured to mate with the inter-
nally threaded fastener. The externally threaded shank has a
first end, a second end, an externally threaded portion
extending between the first end and the second end, a
longitudinal axis extending through the externally threaded
shank from the first end to the second end, and a normal axis
extending perpendicular to the longitudinal axis. The
threaded portion has a thread defined by, 1n series, a root
portion oriented at an angle of 0°+/-50 relative to the
longitudinal axis, a leading flank oriented at an angle of
15°+/-3° relative to the normal axis, a first crest portion
oriented at an angle of 40° to 65° relative to the longitudinal
axis, a second crest portion oriented at an angle of 0°+4/-5°
relative to the longitudinal axis, and a trailing flank oriented
at angle of 15°+/-5° relative to the normal axis, such that
when an axial force 1s applied to the externally threaded
shank, the second crest portion of the externally threaded
shank engages a portion of the trapezoidal thread and
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inhibits vibrational loosening of the externally threaded
shank from the internally threaded fastener.

BRIEF DESCRIPTION OF THE DRAWINGS

Reference 1s made to the accompanying drawings in
which particular embodiments are illustrated as described in
more detail 1in the description below, in which:

FIG. 1A 1s a perspective view of an externally threaded
fastener according to one embodiment;

FIG. 1B 1s a perspective view ol an externally threaded
fastener according to another embodiment;

FIG. 2 1s a detail view of an embodiment of an internally
threaded fastener of the present invention engaged to the
externally threaded fastener of FIG. 1;

FIG. 3 1s a detail view of an alternate embodiment of an
internally threaded fastener of FIG. 2; and

FIG. 4 1s a detail view of an externally threaded fastener
of the present mvention that may be recerved by an inter-
nally threaded fastener.

DETAILED DESCRIPTION

Referring now to FIGS. 1-4, embodiments of the pres-
ently disclosed threaded fastener and fastener system are
illustrated. As shown 1n FIG. 1A and FIG. 1B, an externally
threaded fastener 100 includes a threaded portion 108
extending from a first end 102 to a second end 104. The
second end 104 may alternatively be referred to as the lead
end of the fastener based upon the driving direction D of the
fastener. In one embodiment, the threaded fastener 1s a screw
having a head 106. The threaded portion 108 1s defined by
a helical thread extending around an elongated shank that
extends from the head 106 to the second end 104. As
described further below, the thread 1s defined by at least a
crest portion, a leading flank, a root portion, and a trailing
flank. The configuration of the thread may be defined by
reference to a longitudinal axis and/or a normal axis of the
threaded fastener. The longitudinal axis extends through the
fastener from the first end to the second end, whereas the
normal axis extends perpendicular to the longitudinal axis.

In various embodiments, the externally threaded fastener
has a trapezoidal thread as shown in FIGS. 2-3. The trap-
ezoidal thread may be symmetric thread, such as an Acme
thread with a thread angle of 29°. In other embodiments, the
trapezoidal thread may have a thread angle of 30° or 40°.
The trapezoidal thread may conform to one or more stan-
dards such as ASME/ANSI B 1.5-1988 or DIN 103, which
are ncorporated herein by reference. In yet other embodi-
ments, an externally threaded fastener may have a square
thread with leading and trailing flanks oriented at an angle
of approximately 90° to the longitudinal axis of the fastener.

As shown, the thread portion 108 extends along the
clongated shank with the helical thread repeating 1n cross-
section, with the adjacent threads axially separated by the
distance of the pitch. FIG. 1A illustrates an embodiment
where the head 106 of the fastener includes internal drive
surfaces 110 configured to receive a driver for transmitting
torque to the fastener. In other embodiments, however, the
head may be differently configured so as to include, for
example, external drive surfaces 112 as illustrated in FIG.
1B. In vyet other embodiments, the externally threaded
fastener may be a headless screw, in which the first end
includes a recess 1nto the shank and the recess in the shank
includes drive surfaces.

Referring now to FIGS. 2-3, embodiments of an internally

threaded fastener 200 profile according to the present dis-
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closure are shown 1n cross-section engaged to an externally
threaded shank, such as that illustrated in FIG. 1. These
configurations of the mnternally threaded fastener may pro-
vide improved vibration resistance as compared to previ-
ously available fasteners, while also reducing or eliminating
the need for other anti-vibration measures, such as patches
or locking pins. In addition, the internally threaded fastener
may be reusable to the extent the use of patches or other
consumable locking materials are not required to achieve the
anti-vibration performance.

As 1llustrated in FIG. 2, the presently disclosed fastening
system may encompass internally threaded fasteners (e.g.,
nuts), as well as fastening systems that mate internally
threaded fasteners and externally threaded fasteners, where
the internally threaded fastener i1s configured 1n accordance
with this disclosure. In other embodiments, the internally
threaded fastener may be a threaded hole that 1s formed, cut
or tapped 1nto a component or work piece as depicted in FIG.
3 so to provide the internal thread form presently disclosed
and, 1n these other embodiments, the threaded hole 1s thus
configured to receive an externally threaded component. In
some embodiments, the externally threaded fastener may be
a drnive screw and the internally threaded fastener 1s a
threaded hole that receives the drive screw. In this manner,
references to a fastening system refer to the connection
between the internally and externally threaded components,
even though such components are driven with respect to
cach other during operation of the system. The presently
disclosed systems thus provide improved anti-vibration per-
formance over a wide range ol applications.

Referring now to FIGS. 2-3, the configuration of the
thread 200 of the internally threaded fastener 1s illustrated
for embodiments of the threaded fastener. F1G. 2 illustrates
an example embodiment of the fastening system where
thread 200 1s configured within a fastener such as a nut; FIG.
3 illustrates an alternate embodiment where thread 200 is
configured within a threaded hole 302 machined into a part,
such as work piece 300. The thread includes a crest portion,
a leading tlank, a first root portion, a second root portion, and
a trailing flank. As used herein, the crest portion defines the
minor diameter @' of the internally threaded fastener and 1s
defined 1n profile by an angle between the crest portion and
the longitudinal axis of the fastener, also referred to as a
crest angle 0. The leading flank 1s angled towards the lead
end and 1s defined 1n profile by an angle between the leading
flank and the normal axis (i.e., a plane normal to the
longitudinal axis of the fastener), also referred to as the lead
angle a. As used herein, the root portion defines the major
diameter 3" of the internally threaded fastener and 1s defined
in profile by an angle between the root portion and the
longitudinal axis of the fastener, also referred to as the root
angle p. In embodiments with more than one root portion
(1.e., root portion 1, root portion 2, . . ., root portion n), each
root portion 1s defined 1n profile by a root angle (i.e.,
0., P>, - - . 0,,) and, 1n some embodiments each root angle 1s
different; however, 1n other embodiments at least some of
the root angles are the same. The trailing flank 1s angled
opposite the leading flank, and 1s defined i profile by an
angle between the trailing flank and the normal axis (1.e. a
plane normal to the longitudinal axis of the fastener), also
referred to as the trail angle 3. For clanty, angles are
indicated as positive values measured 1n the direction indi-
cated 1n the figure.

As shown 1n FIGS. 2-3, an internal thread 200 of a first
embodiment of an internally threaded fastener 1s 1llustrated.
The crest portion 202 oriented at a crest angle 0 of approxi-
mately 0° relative to the longitudinal axis of the fastener.
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The leading flank 204 1s oriented at a lead angle o of
approximately 15° relative to the normal axis of the fastener.
The first root portion 206 1s oriented at a root angle p, of
approximately 40° relative to the longitudinal axis of the
tastener. The second root portion 207 is oriented at a root
angle p, of approximately 0° relative to the longitudinal axis
of the fastener. The trailing tlank 208 1s oriented at trail angle
3 of approximately 15° relative to the normal axis.

As shown in FIGS. 2-3, the thread 200 provides point

contact with a mating thread 210, which improves the
vibration resistance of the threaded fastener. For purposes of
illustration, the mating thread 210 1s 1illustrated as a sym-

metric Acme (trapezoidal) thread having a crest portion 212,
a first flank 214, a root portion 216, and a second tlank 218.

The first flank 214 and the second flank 218 are oriented at

approximately 15° relative to the normal axis, while the crest
portion 212 and root portion 216 are oriented at approxi-
mately 0° relative to the longitudinal axis. This configuration

1s common 1n commercially available products having the
Acme thread.

When the thread 200 1s mated with the mating thread 210,
the configuration of the thread 200 results 1n point contact as
shown 1n FIG. 2. The first root portion 206 of the thread 200
contacts the corner of the crest portion 212 of the mating
thread 210. As will be apparent, the contact point between
the mternal thread 200 and the mating external thread 210
extends helically along the length of the threaded fastener
improving the stability and vibration resistance. In this
manner, when an axial force 1s applied to the internally
threaded fastener, the first root portion of the internally
threaded fastener engages a portion of the trapezoidal thread
and 1nhibits vibrational looseming of the internally threaded
fastener from the externally threaded shank.

The point of contact between the thread 200 and the
mating thread 210 improves the vibration resistance of the
threaded fastener by limiting vibration induced movement.
By locking the crest portion of the external thread to the first
root portion of the internal thread, the potential for move-
ment as a result of vibration 1s significantly improved. In
contrast, conventional threads contact the mating thread
only along the flanks leaving significant radial clearance at
both the crest and root. That radial clearance permits vibra-
tion mduced movement which results in loosening of the
fastener as shown 1n the test results below.

The angle p, of the first root portion may be selected to
achieve the desired contact with the external mating thread.
In some embodiments, the first root portion may be oriented
at an angle p, that 1s between 1° and 75°. In some embodi-
ments, the first root portion may be oriented at an angle p,
that 1s approximately 60°.

Referring now to FIG. 4, an externally threaded fastener
400 according to an alternate embodiment is 1llustrated.
Here, externally threaded fastener 400 includes a threaded
portion 408 extending from a first end 402 to a second end
404. The second end 404 may alternatively be referred to as
the lead end of the fastener based upon the driving direction
D of the fastener. In one embodiment, the threaded fastener
1s a screw having a head 406. The threaded portion 408 is
defined by a helical thread having thread profile 410 extend-
ing around an elongated shank that extends from the head
406 to the second end 404. The configuration of the thread
410 may be defined by reference to a longitudinal axis
and/or a normal axis of the threaded fastener 400. The
longitudinal axis extends through the fastener 400 from the
first end 402 to the second end 404, whereas the normal axis
extends perpendicular to the longitudinal axis.
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As shown 1n FIG. 4, the thread 410 comprises a root
portion 416, a leading flank portion 414, a first crest portion
412', a second crest portion 412", and a trailing flank portion
418. As used herein, the crest portion defines the major
diameter ' of the externally threaded fastener 400 and 1s
defined 1n profile by an angle between the crest portion and
the longitudinal axis of the fastener, also referred to as angle
p'. In embodiments with more than one crest portion (1.e.,
crest portion 1, crest portion 2, . . ., crest portion n), each
crest portion may be defined in profile by a crest angle (i.e.,
0, Ps, - . . P,,) and, 1n some embodiments each crest angle
1s different; however, in other embodiments at least some of
the crest angles are the same. The leading flank 414 1s angled
towards the lead end 404 and 1s defined 1n profile by an angle
between the leading flank and the normal axis (1.e. a plane
normal to the longitudinal axis of the fastener), also referred
to as the lead angle a'. As used herein, the root portion 416
defines the minor diameter ' of the externally threaded
fastener and 1s defined in profile by an angle between the
root portion and the longitudinal axis of the fastener, also
referred to as the root angle o'. The trailing flank 418 1s
angled opposite the leading flank 414, and 1s defined 1n
profile by an angle between the trailing tlank and the normal
axis (1.e. a plane normal to the longitudinal axis of the
fastener), also referred to as the trail angle {3'. For clarity,
angles are indicated as positive values measured 1n the
direction indicated 1n the figure. It will be appreciated that,
due to the helical nature of thread 410, 1n cross-section, the
bottom portion of thread 410 appears ofl-set relative to the
top portion of the thread 410 by a distance depending on the
thread angle as the thread rotates around the shaft. For
purposes ol 1llustration, only one rotation of the thread 1s
shown 1n cross-section in Detail A of FIG. 4.

An externally threaded fastener of the present invention,
such as fastener 400, may mate with various types of
internally threaded fastener, for example, a nut or work
tapped with a symmetric Acme (trapezoidal) internal threads
piece (not i1llustrated). In one example embodiment, the root
portion 416 1s oriented at a root angle ¢' of approximately 0°
relative to the longitudinal axis of the fastener. The leading
flank 414 1s oriented at a lead angle o' of approximately 15°
relative to the normal axis of the fastener. The first crest
portion 412' 1s oriented at a first crest angle p'; of approxi-
mately 40° relative to the longitudinal axis of the fastener,
whereas the second crest portion 412" 1s oriented at a second
crest angle p', of approximately 00 relative to the longitu-
dinal axis of the fastener. The trailing flank 418 1s oriented
at trail angle p', of approximately 15° relative to the normal
axis. It will be appreciated, however, that other geometries
may be utilized as detailed above with respect to the thread
profiles of internally threaded fasteners.

The embodiments of the thread for the presently disclosed
threaded fastener have been described by angle relative to
the longitudinal axis or normal axis of the threaded fastener.
The phrase “approximately X°” 1s intended to mean a design
or specified value of X, while allowing for standard manu-
facturing tolerances and variations. In one example, manu-
facturing tolerances and variations may be up to and includ-
ing +/-0.5°. In various embodiments, the angles defining
cach portion of the thread configuration may vary by +/-1°,
+/-2.5°, +/=5°, while still achieving the improved vibration
resistance. Moreover, the variation of angle need not be
uniform across all portions of the thread configuration. For
example, 1n one embodiment, the crest portion and root
portion may vary by +/-35° from the angles illustrated above,
while the leading flank and trailing flank are held within
+/—1° of the angles illustrated above. All such variations are
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contemplated as within the scope of this disclosure. In
addition, a range defined by “+/-” a certain value are
intended to be inclusive of the end points of the range. For
example, “0°+/-5°” means -5° to +35° inclusive.

In yet other embodiments, the first end of the threaded
fastener includes a radially extending surface. In some
embodiments, the threaded fastener 1s a nut (or similar
internally threaded structure) and the radially extending
surface 1s the top surface of the fastener configured to mate
with a component. In each embodiment, the radially extend-
ing surface may include a plurality of serrations configured
to further improve the vibration resistance of the presently
disclosed threaded fastener.

The presently disclosed threaded fastener may be made
from low carbon steel, alloy steel, aluminum, brass or other
materials as desired. The threaded fasteners may be made of
a material for assembling parts made from plastic, brass,
aluminum, wood, concrete, steel, or other component mate-
rials.

Experimental samples of the presently disclosed inter-
nally threaded fasteners were produced and tested compared
with a selection of commercially available comparative
fasteners.

The tests were conducted to compare the clamp load
retention difference between a standard Acme style male and
female thread form versus a standard Acme male thread
tightened into a female thread form according to the present
disclosure. For both styles of thread forms, 1dentical male
and female threaded coupons were produced 1n mild carbon
steel. The coupons were designed to replicate bolted con-
nection with under head surfaces and a dnive feature for
applying tightening torque. The fasteners were tested for
vibration loosening 1n a vibration test conducted at +/-1.0
mm displacement at 12.5 Hz for 400 cycles under the mating,
surface of a female threaded member and a male threaded
member, thereby creating a “slip” between the surfaces that
induces movement between male and female threads. This
movement rotates the nut from the stud and reduces clamp
load which results 1 loosening of the bolted joint. The
testing conformed to DIN-65151 and DIN-25201, which are

incorporated by reference.

Table 1 (*Invention™) below provides the vibration test
performance results for six samples of a standard Acme style
male thread form mated with samples of the presently

disclosed internal thread form of FIG. 2.

Table 2 (“Comparison”) below provides the vibration test
performance results for six samples of a standard Acme style
male thread form mated with samples of a prior art standard
Acme style female thread form.

TABLE 1

Sample Type/Number  Preload #cycles (@  remaining  remaining

Invention KN 12.5 Hz  preload KN preload %
1 11.7 400 8.8 75.1%
2 11.2 400 8.4 75.0%
3 11.4 400 8.2 72.0%
4 11.7 400 8.4 71.6%
5 11.8 400 8.3 69.0%
6 12.8 400 9.0 74.9%
Avg. 11.8 8.5 72.9%
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TABLE 2

Sample Type/Number  Preload #cycles @ remaining — remainig
Comparison KN 12.5 Hz preload KN preload %

1 12.2 400 4.1 33.4%

2 12.0 400 3.7 30.7%

3 12.6 400 5.0 41.7%

4 11.4 400 4.4 38.7%

5 11.6 231 0.0 0.0%

6 12.0 400 2.3 19.1%

Avg, 12.0 3.25 27.5%

As shown above, the presently disclosed {fasteners
achieved the best performance 1n the test with greater than
a 250% mmprovement in the average remaining preload. In
addition to mmproved vibration resistance, the presently
disclosed fasteners are reusable in contrast to prior anti-
vibration fasteners.

In addition, tests were conducted at different preload load
levels from 2 KN to 22 KN for 34-16 Acme thread sizes. It

was observed that the loosening characteristics were con-
sistent across multiple sizes of fasteners further demonstrat-
ing the improved performance characteristics of the pres-
ently disclosed fastener and fastening system. In addition,
Sample 6 of Table 1 was tested three times and 1n each case
the remaining preload was 74.9% demonstrating the reus-
ability and consistency of the disclosed thread form.

In the specification and claims, reference will be made to
a number of terms that have the following meanings. The
singular forms “a”, “an” and *“‘the” include plural referents
unless the context clearly dictates otherwise. Approximating
language, as used herein throughout the specification and
claims, may be applied to modily any quantitative repre-
sentation that could permissibly vary without resulting in a
change 1n the basic function to which it 1s related. Accord-
ingly, a value modified by a term such as “about” or
“approximately” 1s not to be limited to the precise value
specified. In some 1instances, the approximating language
may correspond to the precision of an mstrument for mea-
suring the value. Moreover, unless specifically stated oth-
erwise, any use of the terms “first,” “second,” etc., do not
denote any order or importance, but rather the terms “first,”
“second,” etc., are used to distinguish one element from
another.

As used herein, the terms “may” and “may be” indicate a
possibility of an occurrence within a set of circumstances; a
possession of a specified property, characteristic or function;
and/or quality another verb by expressing one or more of an
ability, capability, or possibility associated with the qualified
verb. Accordingly, usage of “may” and “may be” indicates
that a modified term 1s apparently appropriate, capable, or
suitable for an indicated capacity, function, or usage, while
taking into account that in some circumstances the modified
term may sometimes not be appropriate, capable, or suitable.
For example, 1n some circumstances an event or capacity
can be expected, while 1n other circumstances the event or
capacity cannot occur—this distinction 1s captured by the
terms “may” and “may be.”

This invention has been described with reference to
illustrative embodiments and 1s not meant to be construed 1n
a limiting sense. It will be apparent to one skilled in the art
that elements or process steps from one or more embodi-
ments described herein may be used in combination with
clements or process steps from one or more other embodi-
ments described herein, and that the present invention 1s not
limited to the specific embodiments provided herein but only
as set forth 1n the accompanying claims. Various modifica-
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tions of the illustrative embodiments, as well as additional
embodiments to the mvention will be apparent to persons
skilled 1n the art upon reference to this description.

What 1s claimed 1s:

1. A threaded fastener comprising:

a first end, a second end, and an internally threaded
portion extending between the first end and the second
end,

wherein the fastener has a longitudinal axis extending
through the fastener from the first end to the second
end, and a normal axis extending perpendicular to the
longitudinal axis, and

wherein the threaded portion has a thread defined by, 1n
series,

a crest portion oriented at an angle of 0°+/-5° relative
to the longitudinal axis,

a leading flank oriented at an angle of 15°+/-5° relative
to the normal axis,

a lirst root portion oriented at an angle of 40° to 65°
relative to the longitudinal axis,

a second root portion oriented at an angle of 0°+/-5°
relative to the longitudinal axis, and

a trailing flank oriented at angle of 15°+/-5° relative to
the normal axis.

2. The threaded fastener of claim 1, wherein the thread 1s

defined by, 1n series,

the crest portion oriented at an angle of 0°4+/-1° relative
to the longitudinal axis,

the leading flank oriented at an angle of 15°+/-1° relative
to the normal axis,

the first root portion oriented at an angle of 45°+/-1°
relative to the longitudinal axis,

the second root portion oriented at an angle of 0°+/-1°
relative to the longitudinal axis, and

the trailing tflank oriented at angle of 15°4+/-1° relative to
the normal axis.

3. The threaded fastener of claim 1, wherein the thread 1s

defined by, 1n series,

the crest portion oriented at an angle of 0°+/-1° relative
to the longitudinal axis,

the leading flank oriented at an angle of 15°4+/-1° relative
to the normal axis,

the first root portion oriented at an angle of 60°+/-1°
relative to the longitudinal axis,

the second root portion oriented at an angle of 0°+/-1°
relative to the longitudinal axis, and

the trailing tflank oriented at angle of 15°4+/-1° relative to
the normal axis.

4. The threaded fastener of claim 1, wherein the thread 1s

defined by, 1n series,

the crest portion oriented at an angle of approximately 0°
relative to the longitudinal axis,

the leading flank oriented at an angle of approximately
15° relative to the normal axis,

the first root portion oriented at an angle of approximately
45° or 60° relative to the longitudinal axis,

the second root portion oriented at an angle of approxi-
mately 0° relative to the longitudinal axis, and

the trailing flank oriented at angle of approximately 15°
relative to the normal axis.

5. The threaded fastener as claimed in claim 1, further

comprising external drive surfaces.

6. The threaded fastener as claimed in claim 1, wherein

the threaded fastener 1s a threaded hole configured to receive
an externally threaded shank.
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7. A threaded fastener comprising;:

a first end, a second end, and an internally threaded
portion extending between the first end and the second
end,

wherein the fastener has a longitudinal axis extending
through the fastener from the first end to the second
end, and a normal axis extending perpendicular to the
longitudinal axis, and

wherein the threaded portion has a thread defined by, 1n
series,

a crest portion oriented at an angle of 0°4+/-5° relative
to the longitudinal axis,

a leading flank oriented at an angle of 20°+/-5° relative
to the normal axis,

a first root portion oriented at an angle of 40° to 65°
relative to the longitudinal axis,

a second root portion oriented at an angle of 0°+4/-5°
relative to the longitudinal axis, and

a trailing flank oriented at angle of 20°+/-5° relative to
the normal axis.

8. The threaded fastener of claim 7, wherein the thread 1s
defined by, 1n series,

the crest portion oriented at an angle of approximately 0°
relative to the longitudinal axis,

the leading flank oriented at an angle of approximately
20° relative to the normal axis,

the first root portion oriented at an angle of approximately
45° or 60° relative to the longitudinal axis,

the second root portion oriented at an angle of approxi-
mately 0° relative to the longitudinal axis, and

the trailing tflank oriented at angle of approximately 20°
relative to the normal axis.

9. The threaded fastener as claimed 1n claim 7, wherein
the threaded fastener 1s a threaded hole configured to receive
an externally threaded shank.

10. A threaded fastener system comprising:

an externally threaded shank having a trapezoidal thread
with a thread angle of between 29° and 40° over at least
a portion of the externally threaded shank, and

an internally threaded fastener configured to mate with the
externally threaded shank, the internally threaded fas-
tener having:

a first end, a second end, and an internally threaded
portion extending between the first end and the second
end,

wherein the internally threaded fastener has a longitudinal
axis extending through the internally threaded fastener
from the first end to the second end, and a normal axis
extending perpendicular to the longitudinal axis, and

wherein the threaded portion has a thread defined by, 1n
series,

a crest portion oriented at an angle of 0°4+/-5° relative
to the longitudinal axis,

a leading flank oriented at an angle of 15°+/-5° relative
to the normal axis,

a first root portion oriented at an angle of 40° to 65°
relative to the longitudinal axis,

a second root portion oriented at an angle of 0°+/-5°
relative to the longitudinal axis, and

a trailing flank oriented at angle of 15°+/-5° relative to
the normal axis,

wherein, when an axial force 1s applied to the internally
threaded fastener, the first root portion of the internally
threaded fastener engages a portion of the trapezoidal
thread and inhibits vibrational loosening of the inter-
nally threaded fastener from the externally threaded

shank.
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11. The threaded fastener system of claim 10, wherein the
externally threaded shank comprises an Acme thread form.

12. The threaded fastener system of claim 10, wherein the
externally threaded shank 1s a bolt, and the internally
threaded fastener 1s a nut.

13. The threaded fastener system of claim 10, wherein the
internally threaded fastener 1s a threaded hole.

14. The threaded fastener system of claim 10, wherein the
externally threaded shank 1s a drive screw and the internally
threaded fastener 1s a threaded hole 1n a component config-
ured to receive the drive screw.

15. A threaded fastener system comprising:

an internally threaded fastener having a trapezoidal thread

with a thread angle of between 29° and 40° over at least
a portion of the internally threaded fastener, and
an externally threaded shank configured to mate with the

internally threaded {fastener, the externally threaded
shank having:

a first end, a second end, and an externally threaded
portion extending between the first end and the second
end,

wherein the externally threaded shank has a longitudinal
axis extending through the externally threaded shank
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from the first end to the second end, and a normal axis
extending perpendicular to the longitudinal axis, and
wherein the threaded portion has a thread defined by, 1n

series,

a root portion oriented at an angle of 0°+/-5° relative
to the longitudinal axis,

a leading flank oriented at an angle of 15°+/-5° relative
to the normal axis,

a first crest portion oriented at an angle of 40° to 65°
relative to the longitudinal axis,

a second crest portion oriented at an angle of 0°+/-5°
relative to the longitudinal axis, and

a trailing flank oriented at angle of 15°+/-5° relative to
the normal axis,

wherein, when an axial force 1s applied to the externally

threaded shank, the second crest portion of the exter-

nally threaded shank engages a portion of the trapezoi-

dal thread and inhibits vibrational loosening of the

externally threaded shank from the internally threaded

fastener.
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